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AN ANALYSIS OF THE ACTIVATING SYSTEM INCLUDING ITS USE
FOR SCREENING ANTIPARKINSON DRUGSt
HISTORICAL
The name "activating systemii" is applied to a part of the central nervous
system which has been subjected to intensive exploration in recent years.
Historically, two differenit schools of workers have made independent
studies of this system. The first, headed by Moruzzi and Magoun,22 began
the attack on the caudad portion, the reticular formation. The second
sclhool, including Mlorison and Dempsey' 2' and jasper,"4 has examined the
cephalad or thalamic part, and the latter has given it the name of the diffuse
thalamic projections to the cortex. These two parts taken together have
been termed the mesodiencephalic activating system24 but for brevity will
be simply called the activating system. The reticular formation refers to a
central core of gray matter extending from the spinal cord, through the
bulbar, pontine, and mesencephalic areas. Besides centrifugal nmotor influ-
ences exerted on the somatic imiusculature, the reticular formation also
possesses centripetal actions.
Bremer"' observed that the alert electroencephalogram, consisting of low
voltage high frequency waves, failed to appear in the cerveau isole, a brain
sectioned through the rostral portion of the mesencephalon and therefore
excluding most sensory iimipulses. This preparation exhibited an EEG pat-
tern of rest or sleep, large slow waves interrupted by spindles of 14 per
second frequencies, even though it was capable of receiving some afferent
stimuli, for example, visual and olfactory ones. The alert EEG reaction is a
function of the activating system. The alerting effect on the cerebral cortex
takes place by virtue of centripetal impulses passing through the reticular
formation to the thalamiiic diffuse projection system and evoking a reaction
which spreads widely over the cerebral cortex. It is apparent, therefore,
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that the reticular formlation and the diffuse projection system together con-
stitute a multineuronal pathway which serves as a functional unit. Impulses
from the reticular formation also travel by way of collaterals to the hypo-
thalamus and thence to the cortex either directly or via the thalamus."'
Thus the hypothalamus is included in the activating reaction."
In a way this activating system may be regarded as being parallel to the
specific one which carries impulses from the sensory receptors via the
lemnisci to the specific relay nuclei of the thalamus and then to the areas of
the cerebral cortex occupied by the analyzers of the specific sensations. This
broadly defined physiological entity, the activating system, which has also
been delimited anatomically, calls for additional exploration and our own
work consists of a pharmacological analysis of the functions of this region.
PREVIOUS INVESTIGATIONS
When we started our investigations we knew that acetylcholine,2' di-
isopropyl fluorophosphate (DFP) , physostigmine,"° and tetraethylpyro-
phosphate (TEPP)1"23 produce the alerting type of EEG while atro-
pine"0"1`" evokes the sleep pattern. Our experimental set-up was designed to
follow the lead afforded by the effects of these cholinergic and anticholiner-
gic drugs. For our studies we used four pairs of coaxial electrodes'5 inserted
bilaterally into the brain of a rabbit. \We were thus able to record simul-
taneously from both motor cortices, both limbic cortices, the head of each
caudate nucleus, and the medial nucleus of each thalamus. By this method
widespread effects of activation were revealed. In addition, we inserted a
bipolar electrode into the reticular formation at the level of the superior
colliculus. The latter was used especially to stimulate the reticular
formation.
In chronological order it was observed first that the injection of acetyl-
choline into a common carotid of a rabbit evoked an ephemeral alerting
response.' Next, DFP, a substance which inactivates cholinesterase and
permits the accumulation of acetylcholine, produced an electrical picture
similar to that of acetylcholine except that it was enduring.' Atropine, on
the other hand, stopped the alerting effect of both of these drugs and in
addition blocked the alerting reaction otherwise caused by such physio-
logical stimiiuli as pain. These experiments indicate that the activating
system is cholinergic in function.26
\Vhen the reticular formation w-as stimulated directly by an electrode
inserted into it at the level of the superior colliculus we observed the
strongest activation and yet this, too, could be prevented by the use of
atropine.2' Further work gave added support for the idea that the part of
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the brain most sensitive to cholinergic and anticholinergic drugs is the
activating system. In these experiments the left cerebral hemisphere was
separated from its neural connections with the rest of the brain by a section
through the corpus callosum, anterior commissure, fornix, and internal
capsule. The section went lateral to the thalamus but cut through the medial
part of the corpus striatum. This isolated left hemisphere, however, retained
its major blood supply, while Figure 1 shows that the separated hemisphere
3. EC6
7 R THALAMUS
& L cORTEx-ur.
FIG. 1. Isolated hemisphere preparation. The connections of the left hemisphere with
the rest of the brain were severed 30 minutes before this record was taken.
Leads as indicated in figure.
The rabbit was kept undisturbed, and the electrical activity of the intact parts of the
brain shows the sleep pattern: high-voltage (150-300 volts), slow (1 to 3 c/s), waves
and spindles of 12 to 14 c/s waves in the motor cortex, in the caudate nucleus, and in
the limbic cortex (the spindles are more prominent in the motor cortex) ; 1 to 3 c/s
activity intermixed with 5 to 6 c/s frequencies in the thalamus. In the cortex of
isolated hemisphere (leads 5, 6, and 8) only independent random slow activity is
present.
exhibited an electrical activity independent from that of the other parts of
the brain.' The administration of DFP into the carotid artery produced an
alerting reaction in all cerebral areas except in the isolated hemisphere
though the drug reached that structure via the blood supply (Fig. 2).'2 The
electrical pattern of the isolated hemisphere went on practically unaffected
by the DFP because it would seem that the lowest threshold for cholinergic
stimulation in the brain lies in the activating system.
Even though this system is cholinergic, it can be stimulated by drugs
other than cholinergic ones and inhibited by others than atropine-like
agents. For example, hypnotic agents like the barbiturates will inhibit the
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alerting response,' while stimulants of the central nervous system like
Meratran will increase it.24""' With these drugs some other modality of the
activating system is affected. The cholinergic system is probably involved
but only secondarily.
It is a matter of some importance that the new psychopharmacological
agents, used to tranquilize disturbed psychotic patients, also possess a locus
of action in the activating system.2' In small or moderate dosage chlor-
promazine inhibits the activating system. The same afferent impulse which
I,,
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FIG. 2. Same animal as in Figure 1; leads as in Figure 1. After 0.3 mg./kg. of
di-isopropyl fluorophosphate, i.v. The pattern of alertness is continuous and prominent
in the intact parts of the brain. Fast activity at low voltage in the right caudate nucleus
and in right motor cortex. In the thalamus and in the right limbic cortex, see the
typical 4 to 6 c/s rhythm of thalamic origin. In the cortex of the isolated left
hemisphere the random activity continues unmodified, despite the administration of
di-isopropyl fluorophosphate.
is successfully recorded in the specific sensory areas at the various levels of
the brain no longer evokes the alerting response. The patient, though still
aware of his environment, is less affected by it. In contrast, reserpine, even
in small doses, facilitates the alerting reaction and brings on an alerting
response. This effect on the activating system explains in part the property
of reserpine to produce sedation without hypnosis.' The same dose which
depresses the hypothalamus simultaneously stimulates the alerting reaction
so that emotional expression is moderated but sleep is not enforced. Chlor-
promazine in large doses also evokes activation' and tefore does not
enforce sleep. Frenquel, a third drug of this series, does not affect the acti-
vating system except under special circumstances.2' That agent can, how-
ever, correct activation when induced by the hallucinogens, D-lysergic acid
diethylamide (LSD), and mescaline, but not when the alerting reaction is
caused by other drugs, for example, central nervous system stimulants.
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TABLE 1. SITE OF ACTION OF ANTIPARKINSON DRUGS
High voltage slow waves Cortical fast low voltage activity
and 14 c/s spindles and 4-7 c/s thalamic rhythm
Depression Stimulation
of the mesodiencephalic of the mesodiencephalic
activating system activating system
1. Atropine ++++
1-10 never
Artane +++ +
1-5 over 10-20
2. Parpanit +++ +
1-5 over 10-15
Benadryl +++ +
1-8 over 10-20
Diparcol ++ ++
2-8 over 12-20
Lergigan ++ ++
3. 2-8 over 12-20
Chlorpromazine ++ ++
2-10 over 12-18
Trasentine ++ large amounts
1-10
4. Mephenesin + ++
30-40 over 40-60
Trimeton + ++
5. 1-3 over 3-4
Chlortrimeton + ++
1-3 over 3-4
Pyribenzamine ++
1-6
Reserpine +++
0.5-2
6. Amphetamine +++
1-10
Nicotine +++ and
0.1-0.2 convulsions
DFP ++++
0.1-0.2
Table illustrating the type and degree of action of drugs upon the mesodiencephalic
activating system. The figures represent ranges of dosage in mg./kg. The number of
plus signs indicates the intensity of action.
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The ability to stimulate the activating system is a part of the functional
pathology of the tremor occasionally seen with the new psychopharma-
cological agents. Obviously atropine or an atropine-like substance which
paralyzes the activating system can be used to stop this tremor. In fact, the
stimulated reticular formation can be used as a screening mechanism to
determine drugs which affect parkinsonism favorably; the following table
has been drawn up on this basis (Table 1). You will observe that atropine
stands first in this table and Benadryl is also high on the list.' We have
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FIG. 3. Left portion of figure illustrates EEG activation caused by reserpine, 0.3
mg./kg. Right part of figure reveals results of injection of Cogentin, 0.5 mg./kg.,
which restores the sleep pattern in the same animal.
suggested the ability to depress the activating system as a test for anti-
parkinson drugs and we have been furnished with a test case by a new
antiparkinson drug, Cogentin, an agent which partakes of the chemical
constitution of atropine, as well as that of Benadryl. Tanaka and Edwards"2
report its successful use in patients with moderately severe symptoms.
Cogentin in combination with Benadryl or Rebellon was effective for all
of the patients of these observers. Doshay, Constable, and Fromer' found
Cogentin highly useful, and in 13 of 20 patients obtained better results
from it than from other antiparkinson drugs, with relief of severe tremor.
The side reactions are similar to those of atropine-like drugs-mydriasis
and dry mouth. When the patients became listless the authors obtained
better results by combining Cogentin with Artane, since the latter is more
stimulant in action than Cogentin. Clinical results of such an order call for
further exploration of this apparently important drug and we therefore
examined its effects on the activating system of the rabbit.
313YALE JOURNAL OF BIOLOGY AND MEDICINE
NEW EXPERIMENTS
Cogentin is potent in preventing excessive activity of the reticular
formation. We found that Cogentin reversed the activation caused by
reserpine as well as that by large doses of chlorpromazine (Figures 3 and
4). This observation is especially pertinent because Cogentin has been
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FIG. 4. The stimulating effect of chlorpromazine, 15 mg./kg., which eliminates the
sleep spindles, is seen on the left side of the figure. The right side illustrates the
restoration of the features of sleep caused by the administration of Cogentin, 0.5 mg./kg.
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FIG. 5. The effect of pain on the electrical tracings is
indicated by the arrow.
seen. The pain stimulus is
found efficacious in the Parkinsonism which is a side reaction of reserpine
and of chlorpromazine therapy.1218
The alerting reaction associated with a painful stimulation (Fig. 5) is
eliminated by Cogentin (Fig. 6). Cogentin, likewise, also proved successful
against the two most severe tests-the activation of the reticular formation
due to the injection of DFP (Fig. 7) and also against the direct electrical
stimulation of the activating system (Fig. 8). In both instances the alerting
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response could be prevented, or, if allowed to take place, was corrected by
Cogentin. This drug is even more potent than atropine, which up to the
present was the best depressant of the activating system, for on a weight
basis it required less Cogentin than atropine to produce equally good results.
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FIG. 7. In the left group of tracings is disclosed an enduring alerting reaction pro-
duced by DFP, an effect entirely eliminated by the injection of 0.5 mg./kg. of Cogentin
which restores the features of sleep in the tracings on the right portion of the figure.
DISCUSSION
What do these results obtained with Cogentin mean? In this case we are
interested not only in the centripetal effects of the alerting system, but also
in the centrifugal ones.19 It would seem that the alerting system and espe-
cially its caudad portion, the reticular formation, contains the main extra-
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FIG. 8. The upper group of tracings shows strong activation following direct electri-
cal stimulation of the midbrain portion of the reticular formation for one second with
250 pulses per second at 1.5 volts. The lower group of tracings reveals that even
stronger stimulation for a longer time, 3 seconds with 250 pulses per second at 10
volts, fails to evoke the alerting reaction after the administration of Cogentin,
0.8 mg./kg.
pyramidal motor tract from the cerebral centers to the anterior horn cells
of the cord and thus affects motor activity.
In general, rhythmic alternating tremors have been produced experi-
mentally by two different methods. The first consists of destructive lesions.
These have been placed in the mesencephalic tegmentum,"4 and in the
reticular formation.' The second method is that of electrical stimulation of
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the reticular formation."' It w-ould seem that the tremiior is due to over-
activity of the reticular formation, an efferent of the extrapyramidal motor
system. In fact, Folkerts and Spiegel suggest that the tremor of Parkinson-
ism is due to a lesion of the substantia nigra and the sul)sequent release of
the retictular formationi fromii inhibition. Thus, overactivitv and disordered
function of the retictular formiiation are indtuced either by its electrical
stimiiulation or its release fromii more cephalad structures. jenkiker and
\Ward"' also point out that as a result of deafferentiation the reticular formla-
tion may become hypersensitive to acetvlcholiie and respond to the locally
produced acetylcholine in an exaggerated and uncoordiinated mlaininer.
Finall,r it must be emlplhasized that the results obtained with Cogentii
are similar in principle to those of other efficacious antiparkinson coml-
pouncds namiiely, they are aclhieved by paralysis of the activating system. But
the salutary effect conlsists in mlore tlhani smloother motor function, important
as that is. It is w-ell known that subjective improvement is almllost always
greater tlhan- objective improvemnent.' Our results show that the objective
reaction does not depend exclusively on the reaction of the patient to kindly
and thoughotful attentioni. The paralysis of the activating system blocks its
cephalad funictionis. Thutis the patient's brain is bomibarded by fewN-er im-
ptllses. Even thouglh those fromii the special senses are still active, the add(Ii-
tional background supplied by the alerting system is elimiinated. The ability
of Cogentiln to prevent the arousal reaction to pain is illustrated in Figure
7. but probably miost stimiiuli, incltuding proprioceptive ones fromii mluscle.
receive the samle treatmlenit. It would seeml that the patient's subjective
reaction is changed for the better because he uindergoes a kiind of plharmlia-
cological lobotonm.
SUMNIMARY
In otur pharmacological anialysis we lhave founid that the activating system
is choliniergic in functioni and is the site in the brain mlost sensitive to
cholinergic and anticholinergic drugs. Because of the part the activating
systeml plays in the fulnctionial pathology of Parkinsonisml, that system-- may
be used experimentally in animilals to screen antiparkinisoin drugs. Cogentii,
a new drug of this t-pe w-as found to depress profounidly the activating
system. AMany other drugs, neither cholinergic nor anticholiinergic, also
affect the activating system in funidanmen-tal wvays. A part of the effects of
depressants like barbiturates and of stimulants like MAIeratran are achieved
by their action on the activating systemii. Similarly-, reserpine and chlor-
promaziine derive part of their influence on the brain by affecting the acti-
vating system. It should be emlplhasized that w-hether w-e refer to the
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cephalad alerting response or to the caudad extrapyramidal control of
m-notion, the drtug w-hich affects one functioin also influeinces the otlher and in
the same maniner. Thus, drugs which alert the cortex may also produce a
Parkinsonian tremlor, w-hile drugs which prevent the alerting reaction cor-
rect Parkinsonism-i. This two-way actioin may explain not only the benieficial
effects on muscular function, but also the sul)jective feeling of iimlprovemient
w-hich these drugs bring with themn.
We trust that these studies may be an acceptable contributioni to the
volume written for the celebration of John Fulton's twenty-five years on
the Yale faculty. In a way this paper inay be regarded as complemiientary to
his work which contains many studies oIn the effects of drugs on the
brain." 8,
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